Sequence-specific DNA recognition of the Escherichia coli Ada protein associated with the methylation-dependent functional switch for transcriptional regulation.
The Escherichia coli Ada protein, a suicidal DNA methyltransferase, is converted into a transcriptional regulator for methylation-resistance genes by the transfer of a methyl group from a DNA methylphosphotriester to its own Cys69 residue. Here, we report the DNA recognition mode and the functional switch mechanism of the N-terminal 16 kDa fragment of the Ada protein. NMR analysis has revealed that the segment from residues 102 to 123 forms a helix-turn-helix structure. A site-directed mutagenesis study has shown that the second helix in the helix-turn-helix structure plays a crucial role in specific recognition of DNA. These results imply that the sequence-specific interaction of the Ada protein with DNA occurs through the helix-turn-helix motif. NMR experiments on the methylated protein-DNA complex showed line broadening for the amide proton signals from the helix-turn-helix motif and for the protons in the vicinity of Cys69. In the case of the nonmethylated protein-DNA complex, signal broadening was observed only for protons from the helix-turn-helix. These findings suggest that the residues in the vicinity of Cys69 come into direct contact with the cognate DNA after methylation. We propose that the direct contact of this region is a major factor for the "switch" that converts the Ada protein from a nonspecific DNA binding form to a transcription factor.